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* * *  
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- 
I"EEoBKJ(=TIcN 

IMTA REXRIEVAL 

NATURAL MTABASE F!Rc" ENDS 

GENERIC -1GN OBJECTIVES 

AN INrRo3xJcrIm m KARL 

GENERIC OBJEEI'IVES REVISED 

m1m MEmmIloInx 

SPECIFIC Nuas DESIGN O m I V l B  

KARL NL EUXESSING CAPABILITIES 

-INOF THE Q;uERy -SING CYCIX 



* * *  

* * *  

* * *  

* * *  

* * *  

* * *  

* * *  

* * *  

* * *  

* * *  

* * *  

IJXICAL AND caLwMAR ANALYSIS 

WNI'ACTIC ANALYSIS 

SEMWrIC ANALYSIS 

FCENKL QUERY GENEIRATION 
AND EVALUATION 

EVALUATION OF OBJECI'IVES 

FuN(;TI(lNAL EVALUATIW 

CUR€U3W STATUS AND m l A C R K  

OONCLUSI(3NS 
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- 
APPLICABILITY OF C Q W U I E S  IN AIXDST 
EVERY HMAN ACTIVITY 

* * *  

APPLICATI(3S ARE EMEXDPING * * *  

M3BIE No%J-EXFERIS NEED ACCESS TO * * *  

F€WXJEW USER DISSATISFACX'I(1N RESULTS * * *  

DEFINITE NEED IKR mREDVED HUMAN-SYSTEM 
OaVMJNICATIaSE 

* * *  
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THE INFCEMATIW AGE IS A REALITY * * *  

W E  VAR1GI"II OF AVAIURLE 
TEZE3mrnIEs AND s Y s m  

* * *  

SIMPLE FIIIE-BASED SYS"S * * *  

LARGE APPLICATI(3k3 FTDGRWE * * *  

LACK OF CAPABILITIES * * *  

( L E . ,  SHARING, INITGRITY) 

IhPRmmD- * * *  

SaVE CAPABILITIES FCR * * *  

SHARING * * *  

SEmRITY * * *  

STILL, - N G M  NEEESSARY * * *  

4 



- 

- 
aATA * * *  

* * *  

* * *  

* * *  

* * *  

- 

B A S E l W N A G m  SYSTEM3 

SUPERIOBE TO FIIlEM". SYSTElW 

DIFFERENT TYPES 

RELATICNIL 

HIERAE?CHICAL 

NEmmK - 

* * *  

* * *  

* * *  

m!uVIDoE IANGuAGm m: 
DATA DEFINITION/(%BGANIZATI(IN 

DATA NIANIPULATI(IN/REXRIEVAL 

* * *  

* * *  

CAPABILITIES FfsE 

SECURITY 

WTA 1- 

MTA REIEGANIZATI(IN 

* * *  

* * *  

* * *  

SHARING * * *  
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* * *  

* * *  

* * *  

* * *  

- 
ACCESSING A MTABASE 

INl-ERACrIvELY 

BATCH M38l[E 

THEXU APPLICATIokJ FROGSME 

* * *  

* * *  

* * *  

N o N E E D F m m a m w M I N G  * * *  

NmE cmvENIENT * * *  

STILL REQIJIF@S TRAINING * * *  
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- 
NATURAL LANGUAGE MTABASE * * *  

m-- LANGUAGES * * *  

ND FmkTAL m A x  a3 s m 1 c s  * * *  

(SYSTEM LIMITATIC%JS NL9Y EXIST) 

M4NY USERS LACK TlME aR DESIRE 
TRAINING 

* * *  

USERS LACK SYSTEM W E  * * *  

RESULTS IN 'I- GAP" * * *  
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- 
RATI- NATURAL LANGUAGE 
MTABASE QUERY SYSTEMS: 

* * *  

NL QUERIES SlMPzlER THAN ANY OTHER 
FEIRIEVAL ALTE€NATIVE 

* * *  

(--I=, -, En=.) 

m: * * *  

NLaJERY 
- pL;EAsE PRINT THE NAWs AND SALARIES 
OF THAT EARN- 'I" $18,000 
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* * *  

* * *  

* * *  

* * *  

* * *  

* * *  

* * *  

INCREASED "IAN pEEoBKT(;TIVITY 

INCREASED SYSTEM mCI'IVITY 
(Fmm EmmS AND RE-TRIES) 

REDUCED USER F€UJS7RATIO%J 

VIRTUAL ELIMINATIm OF A 
TRAINING PERIm 

CUSTWUZED CAPABILITIES CAN 
BIE PEEOvIaED 

IMEUVED HANDLING OF "NATURAL" 
LANGUAGE CCNCEFTS 

(=-, - 9  m) 
POSSIBLE 1-TION INTO A TUWL 
NL m END ENvIRmklENr 

- 
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- 
W'LH NL -ATIONS * * *  

W EXISTING SIISTENPS 

HESTRICIED APPLICATI(3%J =INS * * *  

poow, r n A B I L I T Y  BEim" 
OFE!RATING SYS'IlilbB//ToOLs 

* * *  

EXTENSIVE UI'ILIZATIW * * *  

STILL, EXISTING NL&s'S AHE IN HIGH 
DEMANDBYUSERSATALLLEVELS 

* * *  
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- 
AlzApTABILITY TO NEJNAPPLICATIW * * *  

S i t S r n W T  EEusABlIlEwI" 
NO CODE MJDIFICATIW 

* * *  

POBtTABILITY JZIWEN MTARASE 
S'YSTEhE AND OPERATING SilsTENE 

* * *  

EFFICIENCY * * *  

OPrIMrzEn DESIGN 

OPTINlIzFn -ATICN 

* * *  

* * *  



- 
KAFL IS A: * * *  

ASSISTED 

REXRIEVAL 

IJANGWWE 

-E -ASS I STED * * *  

(o?HER TEmNIQuEs ALSO USED) 
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- 
AlxPTrnILITY * * *  

W E  W E  CAN BE RIEIIEFINED 
To USE WITH NEIN APPLICATIokJs 

* * *  

r n r n I L I T Y  * * *  

KARZ, IS -USING: * * *  

" C "  PROGWWUNG LAFJWAGE 

UNIX 4.2 OPERATING SllSTEM 

INGRESV7lXM3 

No sysTENI-- CALIS 

G- -QUERY SIRUCI'CRE 

* * *  

* * *  

* * *  

* * *  

* * *  
- 
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EFFICIENCY * * *  

NO IXNNWIC ALLDCATIokJ 

s m ,  EFFICIENTAmaRITMkE 
USE OF A -1- LANGUXE 

REDUCED sumwrINE cAz;Ls 

* * *  

* * *  

* * *  

* * *  

OPTIMIZATION m S I B I E  * * *  
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DIVID[E-AND-OOkXa;UER AFFROACH * * *  

DIVIDlES TASK OF NL F!ROCESSIW * * *  

I"0 A SEQURXX OF SUB-I?RlRLES 

DEFINES PRECISE I"GE?ATI(%I;T * * *  

S O L m  INDIVImAL mBL4Em * * *  
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- 
TOP-D(XN 1-TION IS USED t * *  

-1ENCE OF UPDATES/- * * *  

EFFICIENr DESIGN 

ERRCRS ISOIAIED IN SINGW- 

* * *  

I 

I 
I 

* * *  

' I  

EACH NDBxlLlE IS  VIEWD AS A "BUCK BOD(" * * *  

SERWNI'IAL F!ROCEBSING (XGANIZATIW * * *  

I 

* * *  ~ I S I C % J  IS IMME F m  Emm SIGNALS I 
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- 
W E  STCIRAI;;E, RETRIEVAL, AOQIJISITI(%J 
AND UI'ILIZATIO%J CAPABILITIES 

* * *  

GRAWNTICAL AND LEXICAL (XSEUJCI 'S 
HANDLING CAPABILITIES 

* * *  

SYM'ACI'IC HANDLING CAPABILITIES * * *  

SEMANTIC HANDLING CAPABILITIES * * *  

ELLIPTIC QUERY HANDLING AND 
G- REXRI'ING CAPABILITIES 

* * *  
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- 
W E  CAPABILITIES * * *  

-E A W I S I T I C N  * * *  

AT IXVEXO€MENI' TIME 

AT SETUP TlME 

DURING A(;TUAL USE 

* * *  

* * *  

* * *  

REPEESNATIW * * *  

FRAME-BASED DYNAMIC KKXMBDGE 

RULE-BASED STATIC W E  

* * *  

* * *  

UC'ILIZATICET * * *  

IN ALL ASPECI'S OF QUERY PROCESSING * * *  

IN- * * *  



- 
GRAMWR/LEXICAL ANALYSIS CAPABILITIES * * *  

I l E m m I I N E s ~ T y p E s  * * *  

PlmFcHm Q;I[JERy "cz;EAN-uP" * * *  

GENERATES DATA STRUCI'URES * * *  

S"ACI'1C VERIFICATIW CAPABILITIES * * *  
- 

OPERATES W SINGIX WTA S'lRUCIWE * * *  

A VARIATIm OF GRAMWRS 
IS WED (FECURSIVE TRANSITIm CWWWRS) 

* * *  

DIFFEREM' FtIN FAMILIES HANDLED * * *  

APPLICATIW- 1- 
FRommEm IS USED 

* * *  

CAPABLE OF RESOLVING M I G U I T I E S  * * *  

1s 



- 
S-IC VERIFICATI(SIJ * * *  

LINGUISTIC SElWWI'ICS * * *  

m/m PHRASEls * * *  

* * *  ADJEmIVE "DLING 

* * *  ~ I I I S ~ ~ I ~ I T y  HANDLING 

IB VERIFICATIOkJ * * *  

QKJElX SENIANTICS * * *  

* * *  I W I T Y  OCeJs'LIRAIrn 

IJXENINI;; CAPABILITIES * * *  

UPQATE APPLICATICN -E * * *  

PEECnTIrE mmm PmCEsSING * * *  

ELLIPSIS AND AM3IGUI.W CAPABILITIES * * *  
- 

MISSING TEms 

USER CAN SUPPLY MISSING P m  

* * *  

* * *  
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- SYMCACI'IC ANALYSIS AJW VERIFICATICN * * *  

SUBMI[T TYPE LIST TO VERIFIER 

REZEXVE PATTEEN F M L Y  IDENTIFIER 

* * *  

* * *  

c&EERRcRmm (IF-)  

USE PATTERN II1;ENTIFIER FCR FWIHES, 
QZJERY PEEOCGSSING 

* * *  
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- 
SEMANI'IC VERIFICATIW * * *  

VERIFY LINGUISTIC S-IC -S 

VERIFY DATABASE SEMANI'IC a X R E C N B S  

RESOLW ANBJGUITIEWELLIPSES 

* * *  

* * *  

* * *  

d 

FDHWL QUERY GENERATIW * * *  

TRANSFUMTKKENAND Irr;FNl[IIFIER LISTS 
INID GENERIC QUERY FUWiT 

* * *  

FWMAL QUERY EVALUATICN 

OPEN IlATABASE 

ExExuIEguERy -- I M T B  

* * *  

* * *  

* * *  

* * *  
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Input 
Query 

I I  

I 
I ANALYSIS I 

I I  
+ - - - - - - - - - -  - - +  
i  AX I 
I VERIFIER I 

i S-IC I 
I VERIFIER I 

i 

Intelli ent Dictionary 
Gramnarkowl edge 

Syntax Knowled e 
Schema Knowl edfe 

Semant i c Knowl edge 
Schema Knowl edge 

Schema Knowled e 
Fo-1 Syntax Bowledge 
Formal Semantic Knowl dge 

Formal Syntax Knowled e 
F o m a l  Semantic Knowlgdge 
I33E Specific Knowledge 
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- 
NL QUERY: LIN(ED LISTS * * *  

K K E N  LIST 

'LIoKEN IDENTIFIER LIST 

* * *  

* * *  

I NO. I token 
I 

V 
I MI. I token 

I 
V 

i NO. i type i 
+ - - - - - + - - - - - -  + -  

I 
V 

+ - - - - - + - - - - -  - +  
i NO. i type i 
+ - - - - - + - - - - - -  + 

I 
V . . . 
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-- (with no noicewords) 
FoBQv19L- 

print * 
a1 1 * 

students * 
taking * 

I' (1vIps351 I' * 
and 

0 
1 iving 

0 
in 
0 

"Lafayette" 

print * 
student * 
enrol 1 * 

" -35 1 " * 
& * 

1 ive * 
" La f aye t t e I' 

TCKEN PA" 

Verb * 
Noun * 
Verb 

0 
Literal * 
Boo 1 ean 

0 
Verb * 

Literal 

LI- LIST BASED m A T I m  * * *  

25 



~ 

- 
DICI'ICNARY 
a"AINS LIST OF ALLKIWUUTKURDS AND TYPES 

* * *  
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Noun Frame 

Adjective Representation 
I 

Dictionary Representation mltiword Representation 1 

I I  
I I  

I I 
I I 
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- 
L;ExIcAL ANALYSIS * * *  

IDENTIFY T(1KENS 

ATI'ACH Inn\;rrIFIERS 

GWWMAR "SFCE&WTIC%JS NL9Y gE NEEDED 

* * *  

* * *  

I 
* * *  

Read NL Query I 

I +---------v--------+ 
I Replace Multiple I 
I Seauence Patterns1 

LEXICAL ANALYSIS OF INPUT NL B;luERy 

28 



IFMURD IS-, THENPEEOCEED * * *  

WERYUSERIFUMIWW * * *  

token 
I 

I I 
+ - - - - - -  + - - - - - -  + I  

I I  
> - - - - - -  > I  Token I I  

+ - - - - - - - - - - - - -  + I  
I 

I I I I 
I V V v- 
I 
I < Dictionary ? 
I 

I \ 
I 

/ - E T E r ? E i T  \ Y I Get next 
/ 

I i ~  I 
I - +  I 

I V 
> I  Query User 1-4 

I / Is Counter at \ Y  
I < End Of Rules Yet ? > - - - -  
I \ / + - - - - - - - - - - - -  + 
I I 

i Apply N&xt Rule i 
+ - - - - - - - - - - - - - - - - -  + 

GEWMAR ANALYSIS OF INPUT QDEFtY 
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- 
VERIFIES -S OF NL QUERY BASED W 
m A m I C  CRITERIA 

* * *  

MEANIEJI;; OF EM'ITIES NUI' O O k J s I ~  * * *  

NEmmEC-BAsED CmUMAR * * *  

- r  

- TaaN TYPES clEmEMxY !mPmRmD: * * *  

"s (N) * * *  

ADJE(=TIvlEs ( A )  

BOOLEAN OPERAKEE (B) 

RELATICNAL OF!ERATKBS (R) 

* * *  

* * *  

* * *  - (SI - (VI 
LITERALS (L) 

* * *  

* * *  
- 

* * *  
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VERIFYRELATIVE POSITIW OF 9UENS * * *  

DIFWEREM' PA- F M L I E S  FEFRESENIED * * *  

ExcwIpL;E: * * *  

v (NB?)+ 

v (NB?)+ 

( 0  
a+ 
a? 
a *  

(vLB?)+ print names of students 
that 1 ive in "Dallas" 

(NR+LB?)+ print names of faculty 
with salary of more than 

print the good students 

-I 

- 

24,000 

who s working in "Dallas"? 1 who" is repla ed by 
retrieve name P 

r epe t i t i ons o f c ons t r uc t 'I a 
one or more occurences of construct " a "  

construct "a" is optional 
-zero or more occurences of construct "a" 

SAMPIE PA- AND QKJERIES 

31 



- 
R!lN VERIFIER USING A * * *  

FINITE STATE A n K N  REGULAR 
EXmEsSIrn REmGNIzER 

ACCEPT/FEJECI' STATES o%ILY * * *  

I1 P A T I "  FAMILIES * * *  

''LEX'' ACCEPTS FINITE STATE A m T A  
SPECIFICATIONS AND GENERATES SUUEUX 

COKE F(3w. REwxlLAR EXFEESSIm VERIFIERS 
BASED CN THE SPEICIFICATICNS 

* * *  
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return 
return 
return 
return 

[A-Za [A-Za-zO-9-]* 

*I +- 

" LIE)(" O o k J s ~ C r s  * * *  

A-Z matches single character uppercase 
a-z matches single character lowercase 
0-9 matches single digit 
[ * * * I  groups sub-patterns 

- 

any character 
zero or more times repetition * 

+ one or more times repetition 
$ indicates end of line 
3 optional element 

33 



LINGUISTIC ANALYSIS * * *  

NOUN PHRASE VERIFICATIW * * *  

VERB PHRASE VERIFICATIW * * *  

ANBIGUITY RESOLVING * * *  

F T T , T , I P S I S / ~ H A M I L I p I J I ; ;  * * *  

PEEOCESS W D I A G f M M :  * * *  

Token F1 ow 

-V- - - - -  + +-  - - 
I Ellipsis I I Ambiguity I 

+ - - - - - - - - - - -  + 
I I I 

i V 
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- 
D[B VERIFICATIO%J * * *  

LITERAL PATERNS * * *  

IS-A lM4- (RETATI(3kTsHIP -1e) * * *  

- 

PEEOCESS F'UWDIAGWW: * * *  

Token 
F1 ow 

I I I I 

i V 
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USES IYYNAMIC W E  * * *  

E3oTH RUE- AND FRAME- RASED * * *  

IF nrcEN(N) IS VESB 
THEN T(KEN(N-K), T(KEN(N+K) ARE "S 

AND NUST ACZEE WITH THE DEFINI- 
TION OF "E VE€TB IN THE KB-VEB.  

EISE = N-VERB-N"--. 

IF nrcEN(N)  - IS LITERAL 
TaKEN(N-K) IS "E IWIN E"1'I.Y 
SO VERIFY THAT LITERAL RANGE 
IS AccEmABxx 
ESFKR = LIT-OUI'-OF-RWEE. 
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- 
RELATIVELY SIMPLE TASK AS NL QUERY 
IS BEING "FOB.Fu3ALIrn"' TlmmGmm THE 
PROCESS C Y C m  

* * *  

STRUCITEE THE C C N D I T I ~  LIST TO 
CmFcmrVvITH v S E L I M = T - E v  
GENERIC WE€W FowNL9T 

* * *  

C X J M ! !  GENERIC " S E W E ( ; T - F "  * * *  

QUERY AND DISPLAY IT 'IO TME USER 
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- 
VERIFY GENERIC QUERY FOBE -S 
(LE., B00L;EAN OPERA= lkKYBEMISSING) 

* * *  

GENERMX )%DST DEbB-SPM=IFIC FCENklL QUERY * * *  

EXEZUIE HIST llIEbS-SPM=IFIC GUJERY * * *  

DISPLAY RGSUL'LSS TO THE USER * * *  

GENERIC AND INGEES QUERY €XEUWTS: * * *  

"Blank" Format: 

SELEXX <attribute-list> 
FRaU <domain> 
lKHE€m <condition.-list> 

QUEL Format: 

RAIGE OF cabbrev-name) IS (domain) 
FWIRIEVE <dotattr-list> 
IWEm <dot,conditional,list> - 

(dot is the attribute d-in prefix indicator) 
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Input NL Query 
I 

I Lexical i.nd I 
I Gramnar Analysis I 

I Knowled e I 
I B a s e G t  + 
I system I 

i s ntax &a1 sis i 
I agd Verificztion I 

+ - - - - - -  ---v------- - +  
I Semantic Anal sisl 
I and Verificat 9 on I 

I Query Generation I 

I Error + Handl- 
I ing + - - - - - - - - 
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+ - - - - - - + - - - - - - - - - - - - - -  ++- - - - +  
1 ow 

1 eve 1 
I I  
I I  hi h 
I I le$el 
I I  

I I 
I IWFES Relational DlEbE I 
I I 

i 
I 

i 
I 
i i . . . . . . . . . .  . . . . . . .  . . . . . . . .  . . ,  

: :  data : :  : :  data 
: :  base : :  : : base . . . . . . . . . .  . . . . . . .  . . . . . . . . . .  . . . . . . .  

. . .  . . .  . .  . .  . .  . .  . . .  . . .  

i - X Knowledge X 
X Base X - 

{All Data Paths Bi-Directional) I 



show the students enrolled in "cMps351" or "cMps360" 1 

LEXICAL ANALYSIS: show student enroll "-351" 
o r " cMps360 

(ellipsis): show student enroll "cMps351" or 
enroll -360 

P A T I " :  Verb (Noun Bool?) (Verb Literal Bool?)' I I 

WNI?ACI'IC ANALYSIS: Pattern Accepted, PatternJb = 8 
_. 

SENL4NTIC ANALYSIS: enroll student, courseh ll 

= ==98 course h A'I" 
course Number = 360 < 69 

course Number = 351 < 699 
"K GxJERY: SELEEI' all / *  default * /  

FXM student 
WERE (course = WWS~51"  I course = "CMPS 60" ) 
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who is "000-4076-65" 

LEXICAL ANALYSIS: retrieve name "000-4076-65" 
(severe ellipsis): retrieve name "000-4076-65" 

I 

I 
I 

PATI": Verb ( Noun Re1-op? Literal Bool? ) +  I 

SY"ACI'IC ANALYSIS: Pattern Accepted, P a t t e r a o  = 4 I 
I 
I - 

SEMKNI'IC ANALYSIS: Pat tern "999-9999-999" matches ssn 
REZUEWS: show student 

ssn PA- 

I ssn "000-4076-65" 
= 999 - 9999 - 99 'I i 

E L A M  QUERY: SELECT name 
F!IWbf student I 
WKRE (ssn = "000-4076-65") I 
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print names and addresses of all the rich faculty 

UXICALANALYSIS: print name address rich faculty 

PATI": Verb (Noun Bool?)t ( Adjective Noun ) +  

SYNI'ACI'IC ANALYSIS: Pattern Accepted, P a t t e r u o  = 12 
I 

x address be Q on s to fac lty S-IC ANALYSIS: name belon s to facult 
rich := salar5 > 40,OOO 

REEUFNE: print name address faculty 
salar > 40,OOO 
salarf range acceptable 

E L m K m  
SELECT name, address I 

FRCM faculty 
- WEFE salary > 40000 
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show students who live and work in "Lafayette" 

LEXICAL ANALYSIS: show student live &work "Lafayette 

P A T I "  "ED: K N E  (although sentence is correct) 

m A C I ' I C  ANALYSIS: Failed. Pro r a m  could not parse 
in ut sente ce (N double verb 
pa Y tern supported7 



- 
GUUERY 5: 
show the rich students 

LEXICAL ANALYSIS: show rich student ~ 

PATTERN MKKHED: Verb ( Noun Relop Literal Bool?)+ 
(severe ellipsis, matches after replacing "rich") 

? I  
I 

SYNI'AClYC ANALYSIS: Pattern valid. Pattern No:-4 

SEMAM'IC ANALYSIS: rich student: errgr. 
not associated 

with relation salarr s udent" 
At t r i but e 
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- 
QUERY 6: 

show the students enrolled in "CMPS999" 

LEXICAL ANALYSIS: show student enroll "cMps999" 

PATIERN M-: Verb ( Verb Literal Bool? ) +  

m A C I ' I C  ANALYSIS: Pattern valid. Pattern No:-.lI 

SEMANTIC ANALYSIS: enroll (student class) CK 
class pattern C& 
class number out of range 
class number > 699 
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- 
I 

IXlXIWUNE IF  GENERIC AND SPECIFIC OBJl!EI'IvEs 
H A .  EEm MGTWITH THE mmED DESIGN 

* * *  

GENERIC 0BJEI"ES: * * *  I 

AaApTABILITY 

l?mTABILITY 

FElxJm -TY 

EFFICIENCY 

* * *  

* * *  

* * *  

* * *  
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SPEX=IFIC m 1 G N  OBJM=TIVEs * * *  I 

* * *  

* * *  

* * *  

* * *  

* * *  

KNWLEDGE S-E, RETRIEVAL, AWISITI(SkJ 
AND UI'ILIZATI~ CAPABILITIES 

GRAMUWTICAL AND LEXICAL ~ ~ C I ' S  
HANDLING CAPABILITIES 

SYNTA(;TIC HANDLING CAPABILITIES 

SlW"IC HANDLING CAPABILITIES - 
-, 

Eld,IPrIC QUERY "DLING AND 
GENERAL m I N G  CAPABILITIES 

KARL 1.00 CAP- OF PEEOCGSSING 60-65'30 OF QLJERIE 
SuENIIm 

* * *  

(ADJUSTED F a 3  WING AND SFELLING 
-1 
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I. Be able to access multiple databases Y 

3. Handle multiple files and relationships Y 

5 .  Be able to handle ellipsis Y. 

(i.e., retargetable within applications) 
2. Answer questions asked directly (i.e.,Vbo ) Y 

4. Handle simple pronoun references N a  

6 .  

7. 

8 .  

9 .  
IO. 
11. 

12. 

Provide report g neratin facilities for th N 

Be able to extend the lin uistic knowledge: Y 
retrieved data Ti.. . ,  fgrmats, graphs, etc e 
of the system during proEram execution 

6 Handle null ca e indicat in 
the conditionTsr’that faile 

N b  

Restate in Ehglish the user’s query Y c  
Handle spelling and typing errors N 
Provide s ecial functjons for improvement 
the data E ase capabilities N b  

Provide semantic constraints in the dialo ue Y 
errors such as plethora and ambiguity 
Item has been considered as future extension 
Item not - in the original design considerations 
The program restates the semi-formally 

between the human and the machine, and h 8 ndle 
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- 
CURFENT LIMITATIM: * * *  

NESTED QUERIES * * *  

SPELLING c c m E m I a N  * * *  

NULL QUERY HANDLING * * *  

UYNWUC -E BASE STATUS: 
255 TOTAL m V U 3 l B  

* * *  

8VERBS 
7 ADJECrIW 

20 FmWEs 
27 MILTIPIE SEQUENCES 
24 "S 
45 SYhmmB 

CUEW" APPLICATIW: UNIVERSITY t * t  
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- 
FtJTm3 m m  TOPICS: * * *  

NESTED GVTERY "DLING 

PE3mmlNREEERENm 

* * *  

* * *  

SPELLING CamEmImJ * * *  

NULL QUmY HANDLING * * *  

GUJERY OPTIMIZATIokJ * * *  
I 
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- 
SIGNIFICANCE OF THE THESIS: * * *  

m I G N  KNSIDERATIW AND " 3 D o I L E Y  * * *  

FTEKEER RESEARCH TOPICS WREl I ~ I F I E D  * * *  
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AN INVENTING RATHER THAN AN IMITATING 
APmm3.I IS NEEmD 

* * *  

~ ~ I o % I A L  EWIVALENCE CAN OBTAIN SIMILAR 
RESULTS WITH SIIMJLATIW/EMJLATIO%J, 
USING cmvEmIc]%;IAL TOOLS AND TEc3"IcxJEs 

* * *  

~ 

TECElNIQIJES EXIST FIOW. SOLVING SMALLER SIZE * * *  

PEDELENE (OCMpIm-, S O ~ T O O L S ,  
ARTIFICIAL INIELLIGENCE, EZ'C. ) I 
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